The impact of adjuvant acid suppression via proton pump inhibitors or histamine-2 receptor antagonists after endoscopic variceal ligation remains uncertain. We therefore aimed to evaluate the effect of adjuvant acid suppression on the rebleeding and mortality rates in patients who received endoscopic variceal ligation and vasoconstrictor therapy for bleeding esophageal varices. Data from 1997 to 2011 were extracted from the National Health Insurance Research Database in Taiwan. A total of 1576 cirrhotic patients aged > 18 years with a primary diagnosis of acute esophageal variceal bleeding who received endoscopic variceal ligation therapy were screened. After strict exclusion, 637 patients were recruited. The exclusion criteria included patients with gastric variceal bleeding, failure in the control of bleeding, mortality within 12 hours, and history of hepatocellular carcinoma or gastric cancer. Patients were divided into two groups: the vasoconstrictors group (n = 126) and vasoconstrictors plus acid suppression group (n = 511). We observed that the rebleeding and mortality rates were not significantly different between 2 groups during hospitalization and the 15-year follow-up period after discharge. A Charlson score !3 (odds ratio: 2.42, 95% confidence interval: 1.55~3.79, P = 0.0001), presence of hepatitis C virus (odds ratio: 1.70, 95% confidence interval: 1.15~2.52, P = 0.0085), and cirrhosis (odds ratio: 1.69, 95% confidence interval: 1.08~2.66, P = 0.0229) were the independent risk factors of mortality after discharge. In conclusion, the results of the current study suggest that adjuvant acid suppression prescription to patients who received endoscopic variceal ligation and vasoconstrictor therapy for bleeding esophageal varices may not change the rebleeding and mortality PLOS ONE |
Introduction
Esophageal varices (EV) are one of the most common complications occurring in patients with cirrhosis. About one-third of patients with cirrhosis can experience their first episode of acute EV bleeding during follow-up, with a 70% recurrent bleeding rate and 20~50% mortality rate [1] [2] [3] . Fortunately, with recent advances in medicine and endoscopic hemostatic devices, a decrease in mortality rate has been observed over the past two decades [4] [5] [6] [7] [8] [9] .
Treatment for acute EV bleeding is now standardized, and includes endoscopic variceal ligation (EVL) combined with vasoconstrictor treatment and prophylactic antibiotics [2] [3] [4] [10] [11] [12] . However, the research regarding the role of an adjuvant proton pump inhibitor (PPI) in EV bleeding after EVL remains limited and unconvincing. Generally, for patients in the acute phase of cirrhosis with symptoms and signs of upper gastrointestinal bleeding, the use of PPIs before the diagnosis of EV bleeding is confirmed by endoscopy on arrival at the emergency room is common. Alaniz reported that 67~96.1% of patients with acute variceal bleeding received parenteral PPI therapy [13] [14] . Moreover, esophageal ulcers are one of the medical events evoking caution after EVL. Patients with post-EVL esophageal ulcers may experience chest pain, odynophagia, and even bleeding from the ulcer itself [15] . Several studies have reported that PPI reduces post-EVL ulcer size through acid suppression [16] [17] [18] . Although Hidaka et al. reported that nearly half of arly half patients udy, Is on the outcomes of rebleeding and mortality is limited. ents might patients received long term PPI therapy with reduced treatment failures after EVL, a relationship between the use of PPI and the risk of postprocedural bleeding after prophylactic EVL was not demonstrated. Therefore, the impact of adjuvant PPI use on the outcomes for EVL in patients with EV bleeding, in terms of rebleeding and bleeding-related mortality, remains uncertain. Importantly, one may argue that the clinical importance of such findings is not known given the self-limiting nature of esophageal ulcers. In addition, accumulating data suggest that PPIs have other important negative effects on events in cirrhosis, such as spontaneous bacterial peritonitis and encephalopathy [19] [20] [21] . Thus, the use of PPI in acute EV bleeding and post-EVL care in Taiwan has been restricted by the National Health Insurance. Therefore, clinical physicians may sometimes prescribe histamine-2 receptor antagonists (H 2 RA) instead of PPI for acid suppression. Moreover, given that most experts and guidelines do not recommend the routine use of acid suppressive agents in acute variceal bleeding, further studies are needed to examine why this traditional and nonevidence-based orthodoxy, which appears to be prevalent in Taiwan and in many parts of the world, might be incorrect. Therefore, we conducted a 15-Year nationwide cohort study aimed to evaluate the effect of adjuvant acid suppression (PPI and H 2 RA) in patients who received EVL and vasoconstrictor therapy for EV bleeding on rebleeding and mortality, compared to those who received the standard treatment for EVL and vasoconstrictor therapy without acid suppression.
Materials and Methods

Ethical approval and informed consent statement
The study protocol was approved by the institutional review board and the Ethics Committee of Chang Gung Memorial Hospital and Kaohsiung Medical University Hospital, Kaohsiung, Taiwan (IRB104-5851B). The Ethics Committee waived the requirement for informed consent for this study, and all the data were analyzed anonymously. The methods were carried out in accordance with the relevant guidelines and regulations
Data source
Taiwan's National Health Insurance program was initiated in 1995 and covers 99% of Taiwan's 23 million individuals. In 1999, the Bureau of National Health Insurance began to release all claims data in electronic format to the public under the National Health Insurance Research Database (NHIRD) project [22] . As yet, the NHIRD has been extensively used in numerous epidemiological studies. In the present study, a total of 1,000,000 individuals (approximately 5% of Taiwan's population) were randomly selected from Taiwan's NHIRD for analysis. Claims data were collected from Taiwan's NHIRD at the National Health Research Institutes. The data analysts were staff members of the Kaohsiung Medical Center, a site of the Collaboration Center of Health Information Application, Ministry of Health and Welfare. For research purposes, the institute released a cohort dataset of one million randomly selected individuals and a dataset of patients with a catastrophic illness who were alive in 2011. The institute collected all records for these individuals from 1997 to 2011. Comprehensive health care data included the enrolment files, claims data, catastrophic illness files, and a registry for drug prescriptions. The 9th Revision codes were used to define diseases. In the cohort dataset, each patient's original identification number was encrypted for privacy.
Study groups, inclusion and exclusion criteria . The code 456.1 was only included when the patients had concomitant EVL during the index hospitalization. The ICD-9-CM code for cirrhosis is 571, which was defined as 1 year prior to the index bleeding. We recruited patients who received EVL with ICD-9-CM codes of 42.91 but excluded those with ICD-9-CM codes of 444.3 (endoscopic control of gastric or duodenal bleeding). A total of 1576 patients with cirrhosis and EV bleeding were identified. The following patients were excluded: patients with gastric variceal bleeding (ICD-9-CM code: 456.8), patients with a failure to control the bleeding via emergent endoscopic treatments, patients with a history of endoscopy therapy (including sclerotherapy or ligation) less than one month prior to the index bleeding, moribund patients who died within 12 hours of enrollment (death event occurring in patients with a length of hospital stay less than 1 day), patients with a history of hepatocellular carcinoma or portal vein thrombosis (ICD-9-CM code: 155, 452) found at any time before the index date, and patients with a history of gastric cancer (ICD-9-CM code: 151) any time before index date. In addition, some esophageal varices might have originated from pre-hepatic portal hypertension caused by cholangiocarcinoma and pancreas cancer. In the current study, we have focused only on patients with acute esophageal variceal bleeding caused by liver cirrhosis.
Importantly, the aim of this study was to assess the impact of adjuvant acid suppression prescription on the outcome in patients who received EVL and vasoconstrictor therapy for bleeding EVs compared to those who did not received adjuvant acid suppression. Therefore, we strictly enrolled only patients with a concomitant ICD code of EVL (ICD-9-CM code: 42.91) and the prescription of consecutive doses of vasoconstrictor-based therapy such as terlipressin (Anatomical Therapeutic Chemical and Defined Daily Dose (ATC-DDD) Index: H01BA04), somatostatin (ATC-DDD Index: H01CB01), octreotide (ATC-DDD Index: H01CB02), and prophylactic antibiotics with or without acid suppression (ATC-DDD Index: PPI, A02BC; H 2 RA, A02BA). In addition, we enrolled only patients who received consecutive doses of acid suppression before the index endoscopy or during the index hospitalization. Patients receiving only a single dose were not included.
Finally, a total of 637 patients with cirrhosis and EV bleeding who received EVL and vasoconstrictor-based therapy during hospitalization were recruited for analysis. These patients were divided into two groups: those who received EVL and vasoconstrictor treatment only (N = 126), and those who received an adjuvant acid suppression prescription prior to EVL and vasoconstrictor treatment (N = 511). A total of 457 patients received vasopressor and PPI treatment, while 54 patients received vasopressor and H 2 RA treatment. We initially performed an analysis using 3 groups (vasopressor only, vasopressor plus PPI, vasopressor plus H 2 RA), but did not find any significant differences in rebleeding and mortality among the 3 groups. However, these data were somewhat biased by the relatively few numbers of patients receiving H 2 RA. Therefore, we decided to combine patients receiving PPI and H 2 RA into an "acid suppression" group.
Definition of variables
Demographic information including age and sex was obtained. Comorbid conditions were recorded if listed among the diagnoses for the hospitalization. The burden of comorbid illness was assessed based on the Deyo modification of the Charlson comorbidity index (CCI). The CCI ranges from 0 to 17, with higher numbers representing a greater comorbidity burden. The CCI incorporates 17 comorbid conditions and has been shown to be a well-validated measure of comorbidity adjusting for disease burden in administrative data [23] . Comorbidities, including previous congestive heart failure, cerebral vascular disease, diabetes, hypertension, chronic obstructive pulmonary disease, and chronic kidney disease were defined as diseases diagnosed on admissions before the index hospitalization and during the follow-up period. Patients with a diagnosis of hepatorenal syndrome (ICD-9-CM code: 572.4), ascites (ICD-9-CM code: 789.5), variceal hemorrhage (ICD-9-CM code: 456.0, 456.20), hepatic encephalopathy (ICD-9-CM code: 572.2), or jaundice (ICD-9-CM code: 782.4) were defined as having decompensated cirrhosis. Accordingly, patients with cirrhosis without any of the above ICD-9-CM codes were considered to have compensated liver cirrhosis. Rebleeding was defined as repeated endoscopic therapy (ICD-9-CM code: 43043B), use of a Sengstaken-Blakemore tube (ICD-9-CM code: 96.06), or surgery within the same admission.
Outcomes
The primary outcomes included rebleeding and death events during the index hospitalization and after discharge from the index hospitalization. The secondary outcome consisted of the length of hospital stay for the index hospitalization.
Statistics
Continuous data are presented as means ± standard deviation (SD) and categorical data are presented as frequencies and percentages. Pearson's chi-square or Fisher's exact 2-tailed tests were used for the analysis of categorical data, while continuous variables were analyzed using the t-test, where appropriate. A multiple logistic regression analysis was performed to examine the factors associated with treatment allocation. Kaplan-Meier survival curves and Cox regression were used to compare the outcomes of interest between groups. Adjustments were made in the regression analysis for patient demographics, clinical conditions, and medication usage. Two-tailed p-values < 0.05 were considered statistically significant. All statistical analyses were conducted using SAS version 9.3 (SAS Institutes Inc., Cary, NC, USA, 2013).
Results
Demographic data and outcomes
Demographic data for the two groups are shown in Table 1 . The two groups had a similar age distribution (age [mean ± SD]: vasoconstrictors only, 58.94±16.57 years; vasoconstrictors plus acid suppression, 58.84±16.97 years; P = 0.9540). A non-significant group difference was also observed when age intervals were established for further comparison. In addition, the groups did not significantly differ in CCI (1.46±1.90 vs. 2.50±1.18±1.71, respectively; p = 0.1077). There were 34 cancer patients; these patients had tongue cancer, nasopharyngeal cancer, hypopharyngeal cancer, cervical cancer, breast cancer, vaginal cancer, or lung cancer. None of these patients died after a bleeding event during the 15 years of follow-up.
The outcome data are shown in Table 2 . During hospitalization, the rebleeding rate did not significantly differ between the 2 groups (15.08% vs. 12.13%, respectively; P = 0.3739) regardless of repeat endoscopy, surgery, or the use of a Sengstaken-Blakemore tube. In addition, the groups did not differ in the length of hospital stay (9.27±10.51 days versus 9.04±9.02 days, P = 0.8072). No death events occurred during hospitalization in either group.
After discharge, the two groups had a similar rebleeding rate (3.97% versus 3.33%, P = 0.7240) and mortality rate (42.06% versus 40.31%, P = 0.7201). The median/mean follow-up duration was 9.126/8.5265 years. In the log-rank test and Kaplan-Meier survival analysis, no significant group differences in the 1-year rebleeding rate (log-rank P = 0.1736) (Fig 2) or the 15-year rebleeding rate (log-rank P = 0.9202) (Fig 3) were found. Similarly, no significant group differences in 1-year mortality (log-rank P = 0.7358) (Fig 4) or 15-year mortality (log-rank P = 0.4142) (Fig 5) were found.
Independent risk factors for rebleeding in all study populations during index hospitalization
No significant independent risk factors for rebleeding were identified with respect to age, sex, CCI, cirrhosis, and etiology (including hepatitis B virus, hepatitis C virus, and alcoholism) (Table 3 ). In addition, there was no significant difference in rebleeding when patients with vasoconstrictors plus acid suppression medications were compared to those with vasoconstrictors only after EVL (odds ratio: 0.78, 95% CI: 0.44~1.39, P = 0.4052).
Independent risk factors for rebleeding and death in all study populations during the 15-year follow-up period
In the multivariate analysis, no significant independent risk factors for rebleeding after discharge were identified with respect to age, sex, CCI, cirrhosis, and etiology (including hepatitis B virus, hepatitis C virus, and alcoholism). In addition, there was no significant difference in rebleeding after discharge when patients with vasoconstrictors plus acid suppression medications after EVL were compared to those with vasoconstrictors only after EVL (odds ratio: 0.77, 95% CI: 0.28~2.14, P = 0.6145) ( Table 4 ). Significant independent risk factors of mortality after discharge identified in the multivariate analysis included a high CCI score (!3; odds ratio: 2.42, 95% CI: 1.55~3.79, P = 0.0001), presence of hepatitis C virus (odds ratio: 1.70, 95% CI: 1.15~2.52, P = 0.0085), and cirrhosis (odds ratio: 1.69, 95% CI: 1.08~2.66, P = 0.0229) (Table 5 ). However, there was no significant difference in mortality after discharge when patients with vasoconstrictors plus acid suppression medications after EVL were compared to those with vasoconstrictors alone after EVL (odds ratio: 0.99, 95% CI: 0.70~1.40, P = 0.9446).
Discussion
Although the effective impact of PPI as a strong antacid in the treatment of peptic ulcer diseases via inhibition of the final step in gastric acid production is well established, the impact of PPI or H 2 RA on the outcomes in gastroesophageal varices bleeding remains inconclusive [24] . Post-procedure esophageal ulcer bleeding is a rare, but severe complication [25] . As mentioned earlier, the use of PPIs has been restricted by the National Health Insurance in Taiwan; as a result, many clinical physicians may prescribe H 2 RA instead of PPI for the treatment of bleeding EVs after EVL as an adjuvant to vasoactive agents. In the current study, the use of acid suppression was quite prevalent (80.2%, 511/637) in patients with cirrhosis and EV bleeding. The results of the current 15-year nationwide cohort study demonstrated that the outcomes, in terms of rebleeding and mortality, among cirrhotic patients who received EVL for bleeding varices were similar between those who received adjuvant prescriptions of acid suppression in addition to vasoactive agents, and those who received the standard treatment for EVL, which consists of vasoconstrictor therapy without acid suppression. Among studies evaluating post-EVL complications, Shaheen et al. reported that endoscopy 10-14 days post-banding revealed significantly smaller ulcers for patients who were prescribed with PPI in a double-blind randomized controlled trial [16] . Similarly, Young et al. showed that post-EVL ulcers were shallower and healed more quickly compared to ulcers caused by endoscopic injection therapy [25] . Nijhawan et al. observed that 60% of post-EVL ulcers were healed within 2 weeks and 100% were healed within 3 weeks [26] . Although numerous studies demonstrate that PPIs effectively reduce post-procedure ulcer size and accelerate ulcer healing, none have demonstrated altered rebleeding or mortality rates in patients with post-treatment EV bleeding [15] [16] [17] 27] . The explanation provided was that most rebleeding events arise from varices rather than ulcers, and therefore the value of PPI use was questioned.
Vanbiervliet et al. reported that 21 of 605 patients (3.4%) with bleeding varices experienced post-banding ulcer bleeding [28] . PPI was proposed to improve ulcer healing, and hence decrease the rebleeding rate of EV bleeding. In an interesting randomized controlled study that directly compared PPIs with vasoconstrictors in patients with cirrhosis and EV bleeding successfully treated by EVL, Lo et al. observed that the effect of adjuvant therapy with PPI infusion was similar to its combination with vasoconstrictor infusion in terms of the initial hemostasis and very early rebleeding rate, and was associated with fewer adverse events [18] . The authors hypothesized that the impact of the vasoconstrictor was diminished because the portal pressure was not elevated, and therefore PPIs should be used to prevent ulcer bleeding. However, in the current study, there was no difference in mortality between the two groups. Moreover, the long-term use of PPI raises concerns regarding adverse effects such as Clostridium difficile infection, spontaneous bacterial peritonitis, bone fractures, pneumonia, etc. [29] [30] [31] . In a systemic review conducted by Lo et al. [21] , the best evidence for PPIs was suggested to still be lacking, and the use of a short-course (10 days) of PPIs to reduce ulcer size whenever ulcer healing was a concern was supported. Lodato et al. further suggested that the use of PPI with regard to the prevention and treatment of esophageal complications after banding or sclerotherapy of esophageal varices may be more of a tradition rather than an evidence-based practice, due to the lack of convincing evidence [32] . In the present study, no significant differences in rebleeding or mortality during index hospitalization and 15-year follow-up were found between the two groups. A high CCI, presence of hepatitis C virus, and cirrhosis were found to be significant independent risk factors of mortality, consistent with a previous study [33] . This result appears rational as comorbidities have always been important prognostic factors for patients with cirrhosis. Importantly, the implication of the present results is that the adjuvant use of acid suppression does not alter the outcomes.
There are several limitations in this study. First, the study used a retrospective cohort design with observations based on hospitalized patients with EV bleeding. The diagnosis of EV bleeding and identification of comorbidities are dependent on the accuracy of the coding procedures. Certain selection biases may exist, and caution must be taken in extrapolating the results. A second limitation concerns the heterogeneous nature of the acid suppressive drug group, which included PPI and H2RA. Although the use of 'adjuvant' acid suppression might influence early rebleeding or mortality, many other variables exist, including continued acid suppressive therapy, which may bias the longer-term data. In addition, a wide variety of drugs and regimens may have also contributed to the presented long-term outcome data. Thus, postdischarge acid suppression and other confounding factors must be considered. Moreover, information was not available regarding lifestyle factors (e.g., alcohol consumption, smoking, and malnutrition), which are reported to be prognostic factors in patients with cirrhosis [34, 35] . These factors could have confounded our results if they were more prevalent in one group of patients. Third, data regarding the use of beta-blockers and antibiotic prophylaxis was lacking. Although it has not yet been standardized, such use could affect the final results of survival. Lastly, although a previous Taiwanese report has suggested that the long-term use of PPIs is associated with important negative effects on events in cirrhosis, such as encephalopathy, no data were available in current study to clarify such effects for short-term PPI use [19] . In spite of these limitations, our study has strengths and clinical implications. Use of data from a nationwide database minimizes the potential for biases that may be seen in single-center studies. This database serves as a powerful tool to study the impact of acid suppression on the outcomes of patients with cirrhosis and EV bleeding, especially after EVL.
In conclusion, the results of the current study suggest that adjuvant acid suppression prescription to patients who received EVL and vasoconstrictor therapy for bleeding EVs may not change the rebleeding and mortality outcomes compared to those for patients who received EVL and vasoconstrictor agents without acid suppression. 
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